and glucose in Streptococcus mutans 6715g. Two integral membrane proteins, enzyme Il,r and enzyme llg1c, each specific for its sugar substrate, sucrose or glucose, were identified by their abilities to catalyze specific sugar:sugar-phosphate exchange reactions. Some of the properties of these two transport proteins are also presented.
Both glucose (16, 17) and sucrose (20, 21) are taken up and phosphorylated in Streptococcus mutans by a phosphoenolpyruvate (PEP)-dependent phosphotransferase system (PTS). PTS activities for mannitol and glucitol (2, 8) , lactose (3) , and fructose and mannose (22) also have been described in S. mutans. The reactions catalyzed by all PTSs are (11, 12) : enzyme I PEP + HPr Q phospho-HPr + pyruvate (cytoplasm) (1) sugar(out) + phospho-HPr(in) enzyme 11 (i)enzyme III sugar-Pin) + HPr(in) (membrane) (2) Enzyme I and HPr participate in the transport of all PTS sugars of a particular organism, whereas enzymes II are integral membrane permeases and are sugar specific. The uptake of some sugars may also require the participation of a sugar-specific enzyme III. Recently, we reported the purification of HPr and a complex between HPr and a putative sucrose-specific enzyme III from S. mutans (9) . In this report, we provide evidence for distinct enzymes II for sucrose and glucose in S. mutans and describe some of their properties.
Radiochemicals were purchased from New England Nuclear Corp., Boston, Mass. Sucrose-6-phosphate was the generous gift of S. Dills. Other chemicals used were purchased from Sigma Chemical Co., St. Louis, Mo. S. mutans 6715g (provided by S. Dills) was grown, washed, stored, and broken as described previously (9) . Cell-free extracts were separated into membrane and cytoplasmic fractions also as described previously (9) . Escherichia coli K-12, strain DS409 (provided by J. Lengeler), contains a plasmid which encodes a sucrose PTS (18) . It was grown on medium 63 (15) containing 0.5% sucrose, with 10 ,ug of tetracycline and 50 ,ug of thiamine per ml at 37°C to midexponential phase. Cells were broken and harvested as described previously (5 scribed (5, 9) . Exchange reactions between sugar-phosphates and 14C-labeled sugars (transphosphorylation [12] ) were determined in assay mixtures (0.1 ml) containing 0.1 M potassium phosphate (pH 7.0), 1 mM dithiothreitol, 5 mM EDTA, 10 mM KF, 0.5 ,uM 14C-labeled sugar (300 to 400 ,uCi/,umol), 1 mM sugar-phosphate, and the sample to be assayed. Mixtures were incubated for 1 h at 37°C, and the 14C-labeled sugar-phosphate formed was determined as described previously (13) . Total protein was estimated by the method of Lowry et al. (7) .
To obtain direct biochemical evidence that distinct enzymes II for sucrose and glucose exist in S. mutans, we measured the abilities of membrane fractions from sucrosegrown cells to catalyze specific transphosphorylation reactions characteristic of these enzymes (14) . Activities catalyzing phosphotransfer reactions between sucrose-6-phosphate and [14C]sucrose and between glucose-6-phosphate and
[14C]glucose were observed in these membrane preparations ( Table 1) . As is the case with other bacteria, optimal activities occurred at high ratios of sugar-phosphates to sugar (ca. 103, see reference 14) , and the data in Table 1 were obtained at [sugar-phosphate] = 1 mM and [sugar] = 0.5 ,uM, which was found to be optimal for S. mutans (data not shown). Pretreatment of membranes with toluene was necessary to reproducibly observe these activities in fractions derived from glass bead-ruptured cells. This suggests that these membranes are at least in part vesicular structures, containing enzymes II with their sugar-phosphate binding sites exposed at the intravesicular surface. Transfer of the phospho group from glucose-6-phosphate to sugar was highly specific, with glucose as the preferred acceptor. Phosphotransfer from sucrose-6-phosphate occurred only with sucrose as an acceptor. However, activity with glucose as an acceptor and sucrose-6-phosphate as a donor was observed in membrane fractions that had been washed only once (Table 1 , footnote b), and it may reflect sucrose-6-phosphate hydrolase activity peripherally associated with the membrane (1) which could give rise to glucose-6-phosphate in situ. Fructose-6-phosphate was a poor phosphodonor, and fructose was a poor phosphoacceptor, in all cases (Table 1) . These experiments provide evidence for highly specific enzymes II for sucrose and glucose in membrane fractions of S. mutans. Recently, glucose:glucose-6-phosphate transphosphorylation also was reported with membranes of S. mutans GS5 cells (6) .
Separate sucrose and glucose enzymes II were further 8 (Fig. 1A) . These maxima were considerably sharper than that previously reported for PEP-dependent glucose phosphorylation in S. mutans (23) . In contrast, transphosphorylation activities in membranes were maximal near pH 6 (Fig. 1B) . Similar pH optima have been reported for the purified mannitol enzyme II from E. coli (5) . Most probably, S. mutans, like other bacteria (10), maintains a relatively constant intracellular pH under a wide variety of environmental conditions. Finally, as a first step in attempting to purify enzyme IIScr and enzyme llglc from S. mutans, it was of interest to compare these proteins with those of enteric bacteria from which two sugar-specific enzymes II have been purified to apparent homogeneity (4, 5 measured as a function of pH. Glucose:glucose-6-phosphate (@) and sucrose: sucrose-6-phosphate (0) transphosphorylation activities were determined using 20 p.l of washed, toluenized membrane suspension (0.5 mg/ml) per 0.1 ml of assay mixture. The buffers used were the same as those described in (A).
should be possible to obtain homogeneous PTS enzymes II from S. mutans in the future for further studies on the structure and mechanisms of the PTS of oral streptococci. 
